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Progress updates on LENZ, ALSOLENZ, and miniLENZ

High-precision 10(n,a)!3C cross section study

Newly evaluated angular distributions on (n,z) reaction cross
sections

Validation of new evaluated data using MICNP6 and GEANT4
Gas-production cross section studies for radiation damage
on structural materials like Cr, Mn, Fe, Co, Ni, etc.

(n,z) reaction study on radioactive samples
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Los Alamos National Laboratory

LENZ 10O(n,o) data runs and setups

TABLE I: LANSCE Data Sets

Detector thickness (um) Distances from target (em) Solid Angle Run Time

Run Cycle Year Target
2016 TasOx 71 & 1000 39& 7.0 19° — 51 14 days
2016 Ta blank 71 & 1000 39& 7.0 19° — 51° 4 days
2017 Tas O 65, 300 & 500 20,41 & 9.1 15° — 67° 24 days
2017 Ta blank 65, 300 & 500 20,41 & 9.1 15° — 67° 5 days
2016 Setup 2017 Setup

‘? : nq‘(—k
5 DssDI - 65 pm,
DSSD2 = 1000 pm
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Los Alamos National Laboratory
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MCNPX modeling of WNR FP15R flight pat
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Charged particles produced by the bare tungsten target(T4) are sensitive at the
15R flight path, while the permanent sweeping magnet exists

Distance between the magnet to the collimator, collimation length, and the
detection distance from the target, can be optimized to reduce charged particles
contamination

600 cm
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Los Alamos National Laboratory

Neutron flux measurement and MMICNPX calculation

Neutron Flux Estimate

: ¢ —MCNPX calclulation

e WNR 15R measurement

5E+5 1+ »?

o
7

flux (neutrons/3.5 pA proton/cm*/MeV)

SE+4 -
SE+3 . . ,, f :
0 5 10 15 20 o 5 10 150 on
Neutron Energy (MeV)
TABLE II: Itemized Uncertainty Budget
Ta20s Target thickness 3%
Tas Oy Target Amount 4 %
Tas0s Target Stoichiometry <05%
WNR 15R Neutron Flux, including the **U foil non-uniformity & ionization counter efficiency 10 %
WNR 15R Neutron Energy Estimate 0.7-12%
Silicon Strip Detector a’s energy resolution <1%
GEANT Validation 4-10%
MCNPX Validation 4-10%
Total systematic uncertainty 126 - 18.1 %
Total statistical uncertainty/ 65 keV 5-10 %
Total uncertainty 13.6 - 20.7 %
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Los Alamos National Laboratory

160(n,a) cross section preliminary result

0l6(n,alpha) background
subtracted/normalized in energy

0.7 .
1. Partial angular cross
06 sections are summed
here
_ 05 . .
g 2. Determining absolute
:f 0.4 cross section is under
E 0.3 Way
IU .
9
s 0.2
0.1

3 4 5 6 1 8 9 10 11
neutron energy (MeV)

11/5/18 | 6



Los Alamos National Laboratory

LENZ Campaign on Gas-Production Cross-Sections
Measurements on Cx, Mn Fe, Co, Ni, etc.

0000 : ¢ T ENVESI2 |
e‘ Entries  1,009¢
56Fe(n,a) measurement in 25000| ().‘1)" x::
2017-2018 Run Cycle ™ AMS »
— \\‘» AMS
> L
K} | I\
2 20000 d&\"
g e@‘
g gbﬁ : Front Back Hit patterns for Board?”
% 15000 '
=
£ |
€ 10000
§ !
5000
| = '~ 56Fe(n,p)
% s000 10000 15000 20000 25000

Energy in 300 um Silicon [keV]

Interested in the neutron energy range up to 20 MeV as a broad coverage
Used self-supporting, thin, and enriched targets with Ohio U. collaboration
AE-E telescope in forward and backward angles are utilized

LENZ is sensitive to differential cross sections to discrete levels and angles
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Los Alamos National Laboratory

Modification of angular distribution evaluation for (n,z)
reactions: by H.I. Kim (IKAERI)

Status of (n,p) and (n,«) reactions in ENDF/B-VIII.OI

@ Cr, Ni, Au
e Cross sections (MF3) and DDX (MF8) for total (n,p) and (n,a)
@ Ta

e Cross Sections and DDX for total (n,p) and (n,a)
o Discrete and continuum ~ emission for total (n,p) and (n,a)  _ No (n,z), (n,z))
) ) ) )

e Al, Zr, Cl (n,z,), etc. cross
o Cross section data for each level except ¥ Cl(n,p) sections for all

@ Ang. Dist. for each level but almost flat

Incomplete (n,z)
reaction angular
distributions in
current evaluations

discrete levels

@ Mn, Fe - Flat angular
e Cross section for each level but no data for (n,acon) distributions assumed
@ Ang. Dist. for each level but almost flat for most discrete
e Discrete v emission for discrete levels of (n,p) and (n,«) levels
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Los Alamos National Laboratory

Modification of angular distribution evaluation for (n,z)
reactions: by H.I. Kim (KAERI)

. ACE formatted file list
‘ Summary for New Calculations I as of Nov. 7t 2018
Element # nucleus
@ Angular distribtutions i 1 az
. . . Cl 2 cl35, cl37
e Calculated for all considered nuclides using CoH3 [, 4 cr50, o152, or53, or54
@ Cross sections for discrete levels Mn 1 mn55
P Adopted Fe 4 feb4, fe56, fe57, fe58
o AL Zr. Cl. Fe. Mn Ni 5 ni58, ni60, ni61, ni62, ni64
T Z 5 zr90, zr91, zr92, zr94, zr96
e Calculated and fitted AL 1 ng; Sbakabaty
o Crs le AU, Ta, 37C|(nap) Ta 1 ta181
e Partially calculated and fitted Total 24

@ MT=869 (n,acont) for **°6Fe and **Mn
= Not applied to this version yet
-~ necessary to modify related files such as MF3:MT5,MF6:MT5

@ Number of discrete levels

e Adopted nuclides: Same number
e Calculated nuclides: 10 levels or up to maximum known levels
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New angular distributions for Fe-56 at E =10 MeV

56Fe (n,p) 56Fe (n,o)
EN=30.0 eV En=10.0 MeV
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Cross sections are same with those of ENDF/B-VIIL.O by using same incident
neutron energies and fitting to cross sections of ENDF/B-VIIIL.O
Red: ENDF/B-VIIIL.0 and Blue: Present evaluation
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Los Alamos National Laboratory

IMICNP6 modeling for detector response study using ptrac

LENZ geometry is modeled using the MICNP6

GEANT4 modeling is being validated using different nuclear input libraries,

however we need to get the processed G4 library files from the CIEMAT effort
(xrefer to INDC(NDS)-0758) for each new ENDFT formatted evaluations.
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Los Alamos National Laboratory
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4Fe(n,p) reaction : MCNP validation
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Los Alamos National Laboratory

SiFe(n,p) reaction: LENZ data simulation

LENZ data simulation for the DSSD 500 micron thick detector at 9.1 cm from the

enriched, self-supporting 5‘Ne target
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Los Alamos National Laboratory

S8Ni(n,p) reaction : LENZ data and MCNP simulation
-gross features compared

o 9
~ 8 New
S LENZ data ~ .
2 R 37 Evaluation:
g s .
3 5° Ni58lenzvl
G E 5
[}
E’ ]
3 g3
o (Y]
2 0 2 18 R
~ 1
™300 40 50 600 700 80 900 1000 300 400 500 600 700 800 900 1000
TOF (ns) TOF (ns)
natNij target with 10 um thickness 58Ni target with 10 um thickness
All (n,z) reactions are shown Tallied only (n,p) reaction

Plan forward: New LENZ data on 58Ni, enriched foil (2 pum thick) for better
resolved discrete-level cross sections with angular distribution
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Los Alamos National Laboratory

S6Ni Isotope Production at LANL-Isotope Production Facility

6.1d
€:100%

Stable
8.1%

356 h
=:100%,

A 7.6e4 y Stable
ol i Ao

6Co0Y-"Co Y >2Coy ¥Co

Stable
5.8%

Product of (n,p) cross section and Ni isotope production rate

production rate is an integral over Ep=50-70 MeV after cooling for 6 days @
]_(X)O T T T | T T T T | T T T T I T T
i 56, .. 56
- — " Ni(n,p)” Co
[ Taqe 7
800 — . N1(n,p)5 Co
o~ L 581+ 5
= [ 8N1(n,p) %Co
5 600F — 9\ 59
. I Ni(n,p)""Co Y
g I
= 400
8 r
S 6 day
200
) cool-down
L [
0 1 1 1 I 1 1 1 L L L 1 | 1 1 1 1 | 1 1 1 1 | ]
0.5 1 L5 2 25
Neutron Energy (MeV)

62N ® Ni isotope production cross sections
1
Stable
1005—
= f
0Co il
g
19253d ERUS § .
f?:) P 59Co(p,n)sgNi —
§ I 59Co(p,2n)58Ni 1
(O - 57 . /\ -
F Co(p,3n)” Ni N
[ 59 56, .
L Co(p,4n)” Ni ]
01....|....|1....|....|.,.|...‘|....|...|.... b 1110,
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Proton Energy (MeV)

For the interest of heavy ion production via
neutrino-proton process in explosive
supernovae, knowing the 5Ni(n,p) reaction
cross section is crucial (T;/2-6 d)

Until now, this direct measurement was
impossible, due to the limited access to
radioactive targets and unavailable
neutrons

First and the only effort in the world
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Los Alamos National Laboratory

Radioactive Ni deposition to be a thin foil target

y Small quantity (ug level) radioactive target requirements:
- High purity (For Ni targets, the NiCl,-6(H;0) is a

¥ solution after the chemical separation)

- Small backing material (optimize the reaction s/n ratio)
- Uniformity (To reduce charged particles’ straggling)

Electrodeposition: Developed an
optimized electodeposition device to
be used in the Hot Cell with radioactive
samples.

-can produce fairly uniform layer onto a
3 um Au surface

-No other impurity other than Ni

YA Micro-jet printing: Developing a NEW small-quantity radioactive

(e
gogc 3 ”\EPOQQ target fabrication method, which manipulates tiny drops using a
YD Q. 99~ transducer for fluid at ambient pressure
9959252527 -an int ise locati ial with 100 %
D (@ 0 e e ) e to print in precise location on material wit 0
DOQOOOOQOQQC efficiency
99,9999 -Would print nickel salt, introducing impurities
(e (e (& 2 2(® (o p ; g 1mp
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Los Alamos National Laboratory

Detector Performance Under High Radiation Environment
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Los Alamos National Laboratory

Summary and Outlook

LENZ measurements will provide high-quality differential data for better
understanding of nuclear modeling for applications
Continue on improving neutron-induced charged particle reaction data
library (using EDNF V.II.0) in GEANT4 and MCNPG6, such as differential cross
section to discrete levels, angular distributions, etc., in conjunction with the
”forward propagation analysis” on LENZ data
In Dec. 2018, we plan to measure the long-lived (T,,,~7.6X10% y) radioactive
5Ni(n,p) reaction cross sections using the LENZ instrument as a benchmark
for a direct measurement. In 2019, we plan to measure a final production of
56Ni(n,p) reaction cross section.
In the 2018 run cycle: we are collecting LENZ data on (red: radioactive nuclei)
_54Fe, 56Fe
_58NJi, 59N1i, 6ONii
_35C1]
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